Collagen fibrillogenesis in vitro: comparison of types I, II, and III.
The self-assembly of pepsin-extracted types I, II, and III collagen was studied to determine how differences in the triple-helical structure between collagen types influence in vitro collagen fibrillogenesis. Collagen types I, II, and III were extracted and purified from bovine sources, and were studied in solution by laser light scattering, pH titration, and determination of turbidity-time curves. The molecular weights were between 280,000 and 289,000, while the translational diffusion coefficients and particle scattering factors at 175.5 degrees were consistent with those expected for single collagen molecules. Titration of collagen types I, II, and III between pH 7.0 and 2.0 using HCl indicated that type I collagen had the most titratable carboxylic groups with type II and III having significantly fewer titratable groups. The self-assembly of these collagens was studied in vitro in phosphate-buffered saline. The time course and extent of fibril formation were studied turbidimetrically, and were found to be dependent on collagen type. Apparent rate constants were determined for both the lag and growth phases of fibril formation. The rates of both phases were greater for type III than for type I collagen, with the rates for type II collagen being intermediate. The extent of fibril formation was based on the turbidity per unit concentration (specific turbidity) extrapolated to zero concentration (intrinsic turbidity), which was found to be greater for type I than for type III collagen. Type II collagen had the smallest intrinsic turbidity. The specific and intrinsic turbidity values were consistent with the relative fibril diameters seen in dermis and cartilage by transmission electron microscopy. These observations indicate that helix-helix interactions are important in the regulation of the rate and extent of collagen fibrillogenesis and may be involved in the determination of fibril structure.